Background: Recently identified genetic variants from genome-wide association studies (GWAS) on breast cancer have not been validated in Asian populations, except in China. In this study, we sought to confirm the association between known variants and breast cancer in Korean women and further evaluate the associations of individual single nucleotide polymorphisms (SNP) with different intrinsic subtypes of breast cancer.
Introduction
Breast cancer is one of the most common malignancies affecting women worldwide. The recent increase in incidence has made breast cancer one of the most frequently recorded diseases among Korean women since 2001 (1) . The age-adjusted death rate because of breast cancer in Korea is also rising, with the most rapid increase in the world from 1985 to 1995 (2) .
Genetic factors play an important role in breast cancer development. After completion of the human genome project, single nucleotide polymorphisms (SNP) were highlighted as the key variations leading to genetic differences in breast cancer susceptibility between individuals. However, candidate gene approaches have not been successful in reproducibly identifying the significant SNPs associated with breast cancer. Recent genomewide association studies (GWAS; ref. [3] [4] [5] [6] [7] [8] have led to the detection of multiple and robust genetic susceptibility loci for breast cancer. These are common in the general population, but the relative risk for breast cancer conferred by each locus is low. All documented GWAS to date have been conducted on women of European ancestry, except for 1 Chinese study. Because minor allele frequencies of SNPs are highly variable and the linkage disequilibrium patterns differ between ethnicities, it is important to confirm the effects of the variants identified in GWAS in different ethnic populations.
Breast cancer is a heterogeneous disease in which risk factors are suggested to be differentially associated with the development of distinct tumor subtypes with variable biological and clinical features. Consistent with this theory, there is growing evidence that known breast cancer risk factors vary depending on hormone receptor status (9) (10) (11) for the hypothesis that ER þ and ER À diseases result from different etiologic pathways (6, 7, 12) . However, limited information has been obtained on additional heterogeneity of genetic risk factors within ER þ or ER À tumors according to the intrinsic breast cancer subtype (13) . Genomic studies have established that breast cancer can be divided into 4 major intrinsic subtypes (Luminal A, Luminal B, HER2-enriched, basal-like) that differ significantly in terms of incidence, survival, and response to therapy (14) (15) (16) . The origins and developmental pathways of these subtypes may be subtype dependent (17) .
In the present study, we evaluated Korean breast cancer patients for the 5 SNPs recently identified from 4 European and 1 Chinese GWAS. The associations of all GWAS-identified SNPs with breast cancer were further assessed in relation to the 4 intrinsic subtypes defined by using surrogate immunohistochemistry (IHC) markers.
Materials and Methods

Subjects and samples
Consecutive 
SNP selection
Among the common breast cancer susceptibility alleles established from recent GWAS, we selected 5 SNPs for genotyping, specifically, rs2046210 (6q25.1)(8), rs2981582 (FGFR2) (3, 5) , rs889312 (MAP3K1)(3), rs3803662 (TOX3/ TNRC9)(3), and rs4973768 (SLC4A7; ref. 18; Table 1 ). SNPs that were previously reported as not significantly associated with breast cancer in Korean and other Asian subpopulations were excluded from analysis.
Genotyping method
Genomic DNA was extracted from peripheral blood leukocytes by using a genomic DNA kit (Qiagen), according to the manufacturer's instructions. SNP genotyping was carried out on an Applied Biosystems 7900HT realtime PCR system (Applied Biosystems). Assay reagents for each SNP were additionally obtained from Applied Biosystems. DNA was genotyped following the manufacturer's protocol. Briefly, the components for the genotyping reactions included 2 mL of 10 ng/nL genomic 
Intrinsic subtypes
IHC tests were conducted to determine the tumor expression levels of ER, progesterone receptor (PR), HER2, and Ki67. The primary antibodies and dilution factors employed in this study have been described in a previous report (19) . IHC tests were carried out on paraffin blocks from tumor tissues fixed in 10% neutral buffered formalin. All IHC tests were carried out in a single laboratory (Seoul National University Hospital) immediately after surgery. Slides were reviewed by a pathologist with no knowledge of the genotype results. We classified ER and PR expression status as positive at a cutoff value of 10% or more positively stained cells per 10 high-power fields. HER2 immunostaining was considered positive when strong (3 þ ) membranous staining was observed in at least 10% of tumor cells, whereas cases classified as 0 to 1 þ staining were regarded as negative. Cases displaying moderate membranous staining (2 þ ) were confirmed by using HER2 FISH. At a Ki67 cutoff point of 10% or higher, established by Jung and colleagues (19) , tumors were designated "high proliferation." The study population was subgrouped into 4 breast cancer subtypes defined by Hugh and colleagues (20) 
Statistical analysis
The chi-square test for genotype distribution was conducted to evaluate deviation from the Hardy-Weinberg equilibrium in each case and control group. Breast cancer risk was estimated as OR and 95% CI, based on unconditional logistic regression adjusted for age (years). Analyses were carried out assuming a dominant, recessive, and additive allelic effect for each polymorphism. The likelihood ratio test was used to examine the effect of each SNP at the 5% significance level.
Stratified analysis according to the 4 breast cancer subtypes was additionally conducted. We calculated OR and 95% CI of SNPs, based on the additive model that assumes a linear increase in disease risk with increasing number of risk alleles.
For the multigene logistic regression risk model, we used the "glm" function in statistical language R (version 2.5.1).
Results
The distribution of all genetic polymorphisms did not deviate from Hardy-Weinberg equilibrium (P > 0.30). For rs889312 and rs3803662, the major allele was the risk allele, consistent with the findings of the Chinese study (ref. 21; Table 1 ).
All 5 breast cancer-associated SNPs identified in previous GWAS (rs2046210, rs4973768, rs2981582, rs3803662, and rs889312) were significantly associated with breast cancer risk in dominant, recessive, and additive models, except rs4973768 in the recessive model ( Table 2) . OR values ranged from 1.13 (rs889312 in the dominant model) to 1.52 (rs3803662 in the additive model).
Next, we generated a multigene logistic regression risk model with the 5 SNPs. The variables and coefficients are presented in Table 3 . The odds of breast cancer determined from this model varied from 0.43 for subjects homozygous (2 copies) for protective variants at all 5 markers [exp (À0.8334307) ¼ 0.43] to 2.36 for subjects homozygous for risk variants at all markers [exp
According to the intrinsic subtype classification system specified in Materials and Methods, 1685 breast cancer cases were subgrouped as Luminal A, 650 as Luminal B, 310 as ER À HER2 þ , and 574 as triple-negative subtype. In 112 cases, the subtype could not be determined owing to the absence of 1 or more individual marker data. As shown in Figure 1 , all 5 SNPs were significantly associated with the Luminal A subtype, and 4 out of 5 SNPs with the Luminal B subtype. Three SNPs, rs2981582 (FGFR2), rs889312 (MAP3K1), and rs4973768 (SLC4A7) showed stronger associations with ER þ than ER À tumors. The most remarkable pattern of subtype association was observed with the SNP in 6q25.1 (rs2046210). ORs of this SNP were higher in the Luminal B, ER À HER2 þ , and triple-negative subtypes, compared with the Luminal A subtype. Notably, this was the only significant SNP associated with the triple-negative subtype. On the other hand, the SNP in TOX3/TNRC9 (rs3803662) was significantly linked to the ER À
HER2
þ but not triple-negative subtype of breast cancer.
Discussion
In this large case-control study involving 6,821 participants, we showed that the 5 SNPs identified in GWAS conducted on women of mainly European ancestry were also significantly associated with breast cancer susceptibility in Korean women. This is the second Asian study (21, 22) to validate earlier GWAS results in a large population. The information obtained would be useful for classifying Korean women into the relevant genetic risk groups.
This type of ethnicity-specific study is important, because allele frequencies of SNPs vary among populations and a positive SNP association with breast cancer in individuals of one ethnicity may be negative in another ethnic population. For example, CASP8 D302H, which was found to be significantly associated with breast cancer in a large population of Western women (23), was not polymorphic in Korean women (24) . Moreover, SNPs in 2q35 (rs13387042; ref. We created a multigene logistic regression risk model with the 5 SNPs. The ORs according to percentile (data not shown) were similar to those reported by Pharoah and colleagues (25) calculated by using data from 7 SNPs. On the basis of their results, Pharoah and colleagues recommended that women with higher genetic risk should be subjected to annual screening mammography at a younger age (25) . Zheng and colleagues (22) proposed the use of a risk assessment model including both genetic markers and clinical predictors. However, Wacholder and colleagues showed that genetic factors only modestly improved the performance of risk models for breast cancer (26) . Thus, there is an urgent need to identify more SNPs to generate a more useful breast cancer risk model composed of common genetic variants (27, 28) . Other SNPs from published GWAS should be validated, and large-scale GWAS studies on Korean women are critical.
In our study, rs2981582 (FGFR2) and rs889312 (MAP3K1) showed stronger associations with ER þ than ER À tumors, consistent with data from European studies on susceptibility loci and ER status (6, 7, 12) . The SLC4A7 (rs4973768) variant was also more strongly associated with ER þ than ER À tumors, consistent with the Chinese study (21) . A large-scale study from the Breast Cancer Association Consortium reported that the TNRC9/TOX3 (rs3803662) variant was associated with both ER þ and ER À subtypes, although the association was slightly weaker for ER À tumors (12) . We observed an association of this SNP with ER þ as well as the ER À HER2 þ subtypes, but not the triple-negative subtype. tumors. These findings collectively imply that the associations between SNP and breast cancer are not simply determined on the basis of ER status, but vary according to the intrinsic subtype. Our results are significant, because they support the theory that tumors with different intrinsic subtypes result from different etiologic pathways that have evolved from cancer stem cells (17) .
In summary, we have shown that the 5 selected variants identified from earlier GWAS carried out on women of European or Chinese origin are similarly associated with breast cancer in the Korean population. Although the currently identified loci provide low discriminatory accuracy to distinguish between the low-and high-risk groups, combinations of loci established in future studies may be useful in population screening strategies. The finding that SNPs are differentially associated with individual intrinsic subtypes of breast cancer is consistent with the hypothesis that the genetic mechanism of etiology differs between subtypes.
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